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FOREWORD

The tests described in this report were conducted

in the Ames Research Center unitary plan wind tunnels

(UPWT) from 5 April 1965 to 7 }lay 1965. The report

was prepared by B.W. Cameron, Jr. , of Aerodynamic

Design Analysis, Flight Sciences, Space and Informa-

tion Systems Division, North American Aviation,

Incorporated.

- iii -

SID 65-1195 "



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

8

.J

ACCESSION NUMBER LI
TECHNICAL REPORT INDEX/ABSTRACT

I IDOCUMENT SECURITY CLASS I FICATION II Confidential

TITLE OF DOCUMENT

Data Report for Ames UPWT Test, Apollo FS-Z Static

Force Model to Evaluate the Block II Command Module and

Canard Launch Escape Vehicle (Ames IX)
_UTHOR(S)

B.W. Cameron, Jr.
CODE oRIGINATING AGENCY AND OTHER SOURCES

Aerodynamic Design Analysis, Flight
Sciences

LIBRARY USE ONLY

DOCUMENT NUMBER

SID 65-1195

PUBLICATION DATE

14 September 1965

CONTRACT NUMBER

NAS9-150

DESCRIPTIVE TERMS

Ames Research Center wind tunnel tests of Apollo Block II command module

and canard launch escape vehicle.

ABSTRACT

Tabulated results are presented from the force test of the 0. 105-scale

Apollo FS-Z static force model in the Ames Research Center unitary plan wind

tunnels at Mach 0.70 through 3.40. The test data consists of stability and

body axis coefficients for the Block II cot-nmand--^;.i,,,,_,_,_._...._v...¢_g"_Hnn......... and

body axis coefficients for both the canard launch escape vehicle and canard

launch escape rocket motor in rolled angles of 0, -30, -60 and -90 degrees.

FORM 131--V REV 11--64
PUBLICATIONS USE ONLY

- V -



NORTH AMERICAN AVIATION, I 1'4 C. SPACE and INFORMATION SYSTEMS DIVISION

CONTENTS

Section

I

II

III

INTRODUCTION .

DISCUSSION .........

MODEL DESCRIPTION .......
Block II Command Module Model ....

Dual-Balance Canard Launch Escape Vehicle Model

Heat Shield Forward Canard Launch Escape Vehicle
Model ..........

Norn enci atur e ........

Full-Scale Dimensions ......

TEST PROCEDURE ........

Nomenclature ........

Model Installation ......

Instrumentation ........

Data Reduction ........

Moment Transfer Dimensions .....

Data Accuracy ........

APPENDIX

A. TABULATED DATA

Page

5

6

7

II

II

IZ

13

13

14

15

A-I

- vii -

SID 65-1195



C(

NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

ILLUSTRATIONS

Figure

1

2

3

4

5

6

7

8

9

I0

I 1

12

13

14

15

16

17

18

19

20

21

22

Block II Command Module ......

Dual Balance Model .......

Heat Shield Forward Balance Model . . .

Block II Command Module Entry Model . .

FS-2 Dual Balance General Arrangement . .

FS-2 Heat Shield Forward General Arrangement

Block II Entry Configuration, C58 . . .

Block II Entry Configuration, C58u5a5V 5

Block I Entry Configuration, C44V 5 . . .
Canard " ".,au.ucn Escape Vehicle C-..=_"__ t"

% .o'rl T_I gl 1 T" a[].. O3_,

C43V5T3zE71 .........

Canard Launch Escape Vehicle Configuration,

C39T3zE71 .........

Canard Launch Escape Vehicle Configuration,

C39u5alV5T3zE7z ........

Canard Launch Escape Vehicle Configuration,

C39uSalVsT32E71 ........

Typical Installation in the 8- by 7-Foot Ames Tunnel .

Block II Command Module Entry Configuration Installed

in the 9- by 7-Foot Tunnel ......

Entry Configuration Showing Tower Leg Wells,

Truncated Apex Region, and Balance Installation in

9- by 7-Foot Tunnel ........

Dual Balance Canard LEV Configuration Showing Large

Umbilical Housing and Model Detail Installation in the

8- by 7-Foot Tunnel .......

Dual Balance Canard LEV Configuration Showing

Protuberances in Heat Shield Forward Attitude in the

1i- by 1l-Foot Tunnel .......

Dual Balance Canard LEV Configuration Showing

Protuberances, Large Umbilical, and Surviving

Antenna in -30 Degree Rolled Attitude ....

Block II Command Module Moment Transfer Definition

Dual Balance Canard LEV Moment Transfer Definition

Heat Shield Forward Balance Model Moment Transfer

Definition ..........

Page

4

4

4

16

17

18

19

20

21

22

Z3

Z4

25

26

27

28

Z9

30

31

32

32

32

-ix-

SID 65-1195



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

Table

TABLES

1 Model Component Nomenclature .

2 Test Components and Dimensions .

3 Data Reduction Factors . .

4 Moment Transfer Dimensions .

Page

• . 6

• • • 7

• . 13

• . 14

- X i -

SID 65-1195



CI

NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

INTRODUCTION

Wind tunnel tests of the 0. 105-scale FS-2 Apollo static force model

were conducted at the Ames Research Center unitary plan wind tunnels.

These tests covered the Mach number range from 0.70 to 3.40. The Blockll

command module was tested in primary trim angle-of-attack range (105 to

175 degrees), and the canard launch escape vehicle was tested in canard

rolled attitudes of 0, -30, -60, and -90 degrees in the 180- to 360-degree

angle-of-attack range.

Tabulated data from the tests are presented in the appendix. The

stability and body axis coefficients are presented for the Block II command

module configuration and body axis coefficients for the canard launch escape
- • 9

venlc±e.

- I-
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I. DISCUSSION

This investigation was conducted using the 0. 105-scale Apollo static

force model (FS-Z) primarily to obtain the aerodynamic static stability

characteristics in the primary trim region of the Block II command module

(Figure I). This configuration was tested over the complete Mach number

range (0.70 through 3.40) and through an angle of attack of 105 to 175 degrees.

The Ames Task 2. 5-inch MK XI balance was installed in the usual

manner using the command module balance cavities. The balance had been

calibrated and sensitivities set for the maximum estimated loads under the

test conditions.

A secondary objective was to c.-.n-_p]ete_u_ _=.,,d,..a...'cy-_i o+_+_ ot=_{1_ V

characteristics of the post-abort canard launch escape vehicle (LEV) and

canard escape rocket motor, while an integral segment of the canard LEV

(Figure 2). This segment of the test schedule was an extension of the

previous Ames test series (Ames 085) I and was run using the models

(Figures 2 and 3) design for the previous test. The objective was to complete

the angle-of-attack range for the canard LEV configuration in rolled attitudes

of -50, -60, and -90 degrees and determine the commandmodul, e protuberance

effect on total canard LEV rolling moment.

1Data Report for the Ames Unitary Plan Wind Tunnel Test of the Apollo 0. 105-Scale FS-2 Static Force Model

at Mach Numbers 0.70 Through 3. 40 to Evaluate the Canard Launch Escape Vehicle Through 360 Degrees
&.¢-1= e_¢ A1-_'._b .,n,_ l_orlm.¢_ I_11 Anglesof0,-_0 _,d -s0 degrees (Ames Vm), NAA S&ID Reoort.

SID 64-2184.
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AMES TASK MARK XI-T-2.5 BALANCE

STING SUPPORT

Figure i. Block II Command Module

_ A. MES TASK MARK II-T-1.5 BALANCE

ROCKET MOTOR BODY

_ BALANCE SUPPORT

AMES TASK MARK XI-T-2.5

STING SUPPORT

Figure 2. Dual Balance Model

jsTNosuPPoRT

Figure 3. Heat Shield Forward Balance Model

h

m
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II. MODEL DESCRIPTION

The 0. 105-scale Apollo FS-2 model was modified to represent the

latest Block 11 command module and canard launch escape vehicle configura-

tion. It now includes two basic test models, the Blocks 1 and 11 command

module models, and the dual-balance and heat shield forward canard LEV

models. Both of the basic test models were complete with protuberances,

where applicable.

BLOCK II COMMAND MODULE MODEL

The basic FS-Z model was modified to simulate the latest truncated

Block II command module by removing the cone apex and making truncated
'_. A %

covers _gure _;, Other.__ noses were _.......*_-,,_+_,___._........an th_ model could be

returned to the Block I configuration. New balance pin locations were

provided and balance blocks ;,.,eremodified, where required,

DUAL-BALANCE CANARD LAUNCH ESCAPE VEHICLE MODEL

This model recently had been modified to the latest configuration. A

new umbilical was constructed to simulate the latest umbilical and was used

in conjunction with the other protuberances during the test. During this

segment of the test, the command modules were restored to the BlockI

configuration by replacing the truncated apex covers with cone apex covers.

Both apex covers were constructed for use with the command modules.

These covers were constructed so very rapid model changes were possible.

The Task 1. 5-inch MK II balance was used in the canard escape rocket motor

as in the previous test, while the canard nose could be rotated to roll ($)

angles of O, -30, -60, and -90 degrees.

HEAT SHIELD FORWARD CANARD LAUNCH ESCAPE VEHICLE MODEL

This model was the same as the model used in the Ames 085 test 1

except that the new umbilical housing was added. The model could be tested

in rolled attitudes of 0, -30, -60, and -90 degrees. Figures 5 and 6 are the

two canard LEV configurations, and Figure 14 is a typical model installation.

Is=uctural Analysis of the 0. 105-Scale Apollo Wind Tunnel Model (PS-2), NAA S&ID Report, SID 62-104

(Reissued July 1964), Appendix G.

-5-
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NOMENC LAT URE

The nomenclature presented in Table 1 was used for model components
in this test.

Table I. Model Component Nomenclature

Symbol

C39

C43

C44

C58

a I

a5

De s c ription

Command module Block I (with tower

leg attachment cavities exposed)

Command module Block I (with tower

leg attachment cavities exposed, two

scimitar antennas, and the old

umbilical fairing)

Command module Block I (with tower

leg attachment cavities exposed, one

scimitar antenna, and the old

umbilical fairing)

Command module Block n (with

tower leg attachment cavities

exposed, truncated apex, and

exposed umbilical cavities)

Scimitar antennas (two)

Scimitar antenna (serving)

Drawing No.

7121-01091

Reworked from

7121-01077

7121-01048

Reworked from

7121-01091

7121-01048

Reworked from

7121-01091

7121-01331

7121-01332

7121-01333

Reworked from

7121-01091

7121-01048

-ga and b

7121-01048

-9a

Figure

No.

II,12

and l3

10

9

7 and

8

IZ and

13

8,9,10,I_
V 5 Vent 7121-01048-8 and 13

u I Umbilical housing (old) 7121-01048-I0 I0

-6- IAL
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Table 1. Model Component Nomenclature (Cont)

Symbol

u5

T32

E71

E7Z

Description

Umbilical housing (new)

Tower structure

Canard escape rocket motor

(escape motor with NAA produc-

tion canard, electrical raceways,
four rocket motor nozzles, two

jettison motor nozzles, and a

L

Canard escape rocket motor (large

escape motor with NAA production

canard)

Drawing No.

7121-01333

7121-01034-3

Reworked from

7121-01048-3

7121-01034-5

7121-01035

-5, -7, -9,

and -I1

Figure
No.

8, IZ,
and 1 3

I0,ii,

12,and

13

10,11,
and

113

lZ

*Apollo Wind Tunnel Model Nomenclature, NAA S&iD report, SID 63-44

FULL-SCALE DIMENSIONS

Table 2 contains the full-scale dimensions of the test components.
f

Table Z. Test Components and Dimensions

Component

Command Module C39

Maximum diameter

Radius of spherical heat shield
Corner radius

Afterbody semivertex angle

Afterbody vertex radius

Dimension

154.0 inches

184.8 inches

7.7 inches

33.0 degrees

9.15 inches

-7-
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Table Z. Test Components and Dimensions (Cont)

Component

Command Module C43

Maximum diam eter

Radius of spherical heat shield

Corner radius

Afterbody semivertex angle

Afterbody vertex radius
Scimitar antennas (two)

Umbilical fairing (old)

Command Module C44

Maximum di am et e r

Radius of spherical heat shield

Corner radius

Afterbody semivertex angle

Afterbody vertex radius

Scimitar antenna (one)

Umbilical fairing (old)

Command Module C58

Maximum diam ete r

Radius of spherical heat shield

Corner radius

Afterbody semivertex angle

Truncated apex diameter

Scimitar antennas a I

Surviving (leeward)

Length

H eight
Width

Nonsurviving (windward)

Length

Hei ght
Width

Dimension

154. 0 inches

184.8 inches

7.7 inches

33. 0 degrees

9. 15 inches

Same as a 1

Same as u 1

154. 0 inches

184.8 inches

7.7 inches

33.0 inches

9. 15 inches

Same as a 5

Same as u 1

154.0 inches

184.8 inches

7.7 inches

33. 0 degrees

46.44 inches

18.45 inches

8. 19 inches

Z. 38 inches

16.67 inches

6.50 inches

i. 19 inches

_
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Table 2. Test Components and Dimensions (Cont)

Component Dim ension

Scimitar Antenna a 5

Surviving (leeward)

Length

Hei ght
Width

Vent V 5

Length

Height
Width

18.45 inches

8, 19 inches

Z. 38 inches

17.48 inches

Z. 67 inches

2.67 inches

Umbilical u 1

Length

Hei ght
Width

Umbilical u 5

Length

Height
Width

Tower Structure T32

Total length

Number of longitudinal members

Diameter of longitudinal members
Diameter of cross braces

Distance between attachment points at

command module

Distance between attachment points at

command module

30. O0 inches

Z. 8 1 inches
12.66 inche s

3.6Z inches

30.70 inches

20.95 inches

113.14 inches

4

4.11 inches

2.87 inches

46.76 inches

36.07 inches

-9-
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Table 2. Test Components and Dimensions (Cont)

Component

Canard EscapeRocket Motor E71

Total length

Diameter of escape rocket

Dimensions

286.49 inches

26. 00 inches

Diameter of escape rocket base

Skirt flare angle

Nose radius

Nose included angle

Canard Escape Rocket Motor E72

Total length

Diameter of escape rocket

Diameter of escape rocket base

Skirt flare

52. 73 inches

34. 0 degrees

2.00 inches

30. 0 degrees

243.8 inches

28.89 inches

52.73 inches

34.0 degrees

10-
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NOMENCLATURE

Tunnel

M o

_T

e

q

Po

lob

Cpb

III. TEST PROCEDURE

Free-stream Mach number

Angle of attack (degrees)

Total angle of attack (degrees)

Offset angle between balance axis and model

Angle of roll (degrees)

Free-stream dynamic pressure (ib/ftz)

Free-stream static pressure (lb/ft 2)

Base pressure (lb/ft z)

Command module base pressure coefficient
l°b " Po

q

RN

D

X X

u

X

Free-stream Reynolds number based on reference
diameter

Model reference area--Maximum cross-sectional

area (inche s2)

Model reference diameter--maximum diameter of

command module (inches)

Distance (parallel to command module centerline)

from balance center to command module apex,

negative when balance center is aft of apex (inches)

Distance along model axis of symmetry from

command module cone apex to center of gravity,

negative when center of gravity is aft (toward heat

shield) of apex (inches)

-II-
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ZZ Distance (perpendicular to command module centerline)

from balance center to model centerline, positive

when balance center is below (toward center of gravity)

model centerline (inches)

Perpendicular distance from model axis of symmetry

to center of gravity, positive when center of gravity

is below axis (inches)

Stability Axis Coefficients Origin at Reference Center of Gravity

Cmcg

CD

Pitching moment coefficient,

Drag coefficient, drag/qs

pitching morn ent/qSD

C L Lift coefficient, lift/qs

L/D Lift-to-drag ratio, CL/C D

Body Axis Coefficient Origin at Command Module Apex

Cm A

C A

Pitching moment coefficient, pitching moment/qSD

Axial force coefficient, axial force/qS

CN Normal force coefficient, normal force/qS

(Xcp)N/D Center-of-pressure location of the normal force

measured in command module diameters, Cma/CN,

negative when aft of apex (toward heat shield)

c_ A

Cn A

CY

Rolling moment coefficient, rolling moment/qSD

Yawing moment coefficient, yawing moment/qSD

Side force coefficient, side force/qS

(Xcp)Y / D Center-of-pressure location of the side force,

measured in command module diameters, CnA/C Y,

negative when aft of apex (toward heat shield)

MODEL INSTALLATION

The FS-2 models were mounted on the Ames Task 2. 5-inch Mark XI

balance and supported by the Ames 9797-D3-1 sting and by the straight

- lZ -
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sting adapters. A typical model installation is shown in Figure 14 with

installation and model photographs presented in Figures 15 through 19.

The basic angle-of-attack range of the strut support system extends

from -15 to +15 degrees. This range, combined with the offset angles (e)

every 20 degrees starting at 0 degrees, allowed complete coverage of the

desired angle-of-attack region.

INSTRUMENTATION

The outputs from the Ames Task 1. 5-inch balance (used in the escape

rocket motor of the canard LEV model) and the Ames Task P.. 5-inch balance

(used as the primary balance) were recorded on the Ames Beckman data

system. The data also were recorded and reduced by a remote computer.

They were transmitted to a F!exowriter located in the tunnel control room

for on-line monitoring. This afforded an opportunity to isolate and rerun

questionable data in the minimum test time.

Schlieren still pictures were taken and can be obtained by submitting

a request to the Aerodynamic Design Analysis group.

DATA REDUCTION

The data reduction was programmed to provide all standard aero-

dynamic force and moment coefficients about the body and stability axis for

the Block II command module and body axis for the dual-balance and heat

shield forward canard LEV models. As a limited number of output columns

were available, only the body axis (plus the center-of-gravity pitching

moment) coefficients were calculated for the canard LEV configurations.

This allowed ample columns for the canard LEV and canard rocket motor

coefficients to be printed on the flexowriter during the test.

The standard data reduction equations for use with the FS-Z model

were used, plus the equations added during the previous test to cover the
canard rocket motor coefficients.

Table 3. Data Reduction Factors

Factor Description Values

Z
S Z05. 358 in

D

Reference area (maximum cross section area

of command module)

Reference length (maximum diameter of

comm and module)

!6. !7 inches

- 13 -
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Table 3. Data Reduction Factors (Cont)

Factor Description

X X

ZZ

X

Z

Longitudinal distance from apex to center of

Task 2. 5-inch balance in command module,

negative when aft of apex (toward heat shield)

Vertical distance from model axis of

symmetry to center of Task 2.5-inch balance,

positive below model axis

Longitudinal distance from command module

apex to center of gravity measured parallel

to model center-line; negative when c. g. is

aft of apex (toward heat shield)

Vertical distance from model axis to center

of gravity; positive below model axis

Values

Table 4

Table 4

(Block II)

-I0.5473

(Canard LEV)

-2.6513

(Block II)

+0.7147

(Canard LEV)

+0.5983

MOMENT TRANSFER DIMENSIONS

Moment transfer distances from the command module apex to the

balance center are listed in Table 4. Figures ZO through 22 define moment

transfer dimensions.

Table 4. Moment Transfer Dimensions

40

80

IZ0

140

160

180

X x (Inches)

-9.7284

-9.8976

-9.8088

-9.1752

-8.7204

17.0000

ZZ (Inches)

0.9924

0.8064

0.4968

0.5280

0.7356

0.0000

14-
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DATA ACCURACY

The balance and recording instruments were set up to provide maximum

sensitivity within the capabilities of the amplifying instrumentation. The

Beckman data recorder at Ames has a readout capability of 10,000 counts full

scale with a rated sensitivity of ,2 counts.

The dynamic pressure (q) remained constant at 425 pounds per square

foot for tests made at Mach numbers 0. 7 to 3.4. The limiting factor for

dynamic pressure being the maximum load capacity of the chord and normal

force elements of the Task MK Xl balance. The dynamic pressure can be

recorded within ±0. 02 inches Hg (2. 829 pounds per square foot). The Mach

number can be recorded within ±0.01, and the angle of attack ( _ and _ T)

can be recorded within ±0.05 for all angles of attack.

Coefficient deviations were determined from load variations measured

during the balance calibration check performed in each of the three tunnels
- _ m. •

belore testing ,ne m_x;m,,m d_v_at_o_s _'--" ....,4 _ ....... _^_ =_ +_^• _ ...... __.. _l!ei_L L_UU.J.U. k,/¢; ¢32%.l,./_%.,t,_%,a. J.aa &,x_%.,

presentation of the results of this test follow•

Block I and Block II Command Module Coefficient Deviations

C N = ±. 0060 C D = ±. 0063

C A = ±.0058 CmA = ±.0041

C L = ±. 0064 Cmcg = ±. 0012

C N = ±. 0031

Cy = ±. 0099

C_ = ±. 0032

Canard Launch Escape Vehicle Coefficient Deviations

C N - ±. 0075

C A = ±. 0074

Cy = ±. 0105

Cm A = ±. 0049

Cmcg = ±. 0047

C N = ±. 0053

Cj = ±. 0057

Canard Escape Rocket Motor Coefficient Deviations

CNR = ±. 0028 CmA R = ±, 0050

CAR = ±. 0020 Cmcg R
CYR = ±. 0038 = ±. 0049

C
n R = ±. 0012

R = *. 0059

-15-
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TABULATED DATA

Following is a glossary to facilitate reading the tabulated data.

Mach Free- stream Mach number

Alpha Angle of attack (degrees)

Alpha (T) Total angle of attack (degrees)

Beta Angle of sideslip (degrees)

Theta Offset angle between balance axis and model

axis of symmetry (degrees)

Phi Angle of roll (degrees)

PBC Command module base pressure coefficient,

Pb - P

q

RN Free-stream Reynolds number based on

reference diamter

RN/ft x 10 -6 Tunnel Reynolds number per foot (in tabulated

data only)

STABILITY AXIS COEFFICIENTS, ORIGIN AT REFERENCE CENTER

OF GRAVITY

CD

CL

CMCG

CNS

CLS

L/D

Drag coefficient, drag/qS

Lift coefficient, lift/qS

Pitching moment coefficient, pitching

moment/qSD

Yawing moment coefficient, yawing

moment/qSD

Rolling moment coefficient, rolling

moment/qSD

Lift-to-drag ratio, CL/C D

A-I
"_ SID 65 -1195
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BODY AXIS COEFFICIENTS, ORIGIN AT REFERENCE CENTER OF

GRAVITY

CN

CA

CY

CNIB

CLIB

Normal force coefficient, normal force/qS

Axial force coefficient, axial force/qS

Side force coefficient, side force/qS

Yawing moment coefficient, yawing moment/qSD

Rolling moment coefficient, rolling moment/qSD

BODY AXIS COEFFICIENTS, ORIGIN AT COMMAND MODULE CONE APEX

CMA Pitching moment coefficient pitching

moment/qSD

XCPN/D Center of pressure location of the normal force,

measured in command module diameters,

CMA/CN, negative when aft of apex toward

heat shield.

CN2B Yawing moment coefficient, yawing moment

apex/qSD

XCPY/D Center of pressure location of the side force,

measured in command module diameters,

CNZB/CY, negative when aft of apex toward

heat shield.

CLZB Rolling moment coefficient, rolling moment/qSD

Table A-I shows the run schedule.
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